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Abstract
Background: Single time-point assessments of psychological distress are often used to indicate chronic mental
health problems, but the validity of this approach is unclear. The aims of this study were to investigate how a
single assessment of distress relates to longer-term assessment and quantify misclassification from using single
measures to indicate chronic distress.
Methods: Data came from the Household, Income and Labour Dynamics in Australia Survey, a nationally representative
study of Australian adults. Psychological distress, measured with the Kessler10 and categorised into low (scores:10- < 12),
mild (12- < 16), moderate (16- < 22) and high (22–50), has been assessed in the Survey biennially since wave 7. Among
respondents who were aged ≥25 years and participated in all waves in which distress was measured, we describe
agreement in distress categories, and using a mixed linear model adjusting for age and sex we estimate change in scores,
over a two-, four-, six- and eight-year follow-up period. We applied weights, benchmarked to the Australian population, to
all analyses.
Results: Two-years following initial assessment, proportions within identical categories of distress were 66.0% for low,
54.5% for mild, 44.0% for moderate and 50.3% for high, while 94.1% of those with low distress initially had low/mild
distress and 81.4% with high distress initially had moderate/high distress. These patterns did not change materially as
follow-up time increased. Over the full eight-year period, 77.3% of individuals with high distress initially reported high
distress on ≥1 follow-up occasion. Age-and sex- adjusted change in K10 scores over a two-year period was 1.1, 0.5, − 0.7
and − 4.9 for low, mild, moderate and high distress, respectively, and also did not change materially as follow-up time
increased.
Conclusion: In the absence of repeated measures, single assessments are useful proxies for chronic distress. Our
estimates could be used in bias analyses to quantify the magnitude of the bias resulting from use of single assessments
to indicate chronic distress.
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Background
Depression and anxiety are the leading causes of mor-
bidity in Australia [1], affecting 15 and 26% of the popu-
lation at some point in their lives, respectively [2]. In
addition to the often substantial negative effects they
have on the mental, social and economic wellbeing of
those affected, symptoms of depression and anxiety are
also associated with chronic physical diseases – includ-
ing cardiovascular disease [3] cancer [4], and dementia
[5] – and all-cause mortality [6]. In order to investigate
the associations between common mental disorders and
physical health, measures of depression and anxiety are
regularly included in cohort studies and used to predict
a range of health outcomes over time.
Given that diagnosis using gold standard criteria and
time-consuming structured diagnostic instruments is
often not feasible in large-scale studies, brief mental
health assessment tools are used on questionnaires to
screen participants for likely mental disorders. Tools that
are regularly used include the General Health Question-
naire [7], the Centre for Epidemiologic Studies Depression
Scale [8] and the Depression, Anxiety and Stress Scales [9].
However, one of the most commonly used assessment tools
is the Kessler 10 (K10), which was purposively designed to
identify individuals with common mental disorders in
community-based surveys [10]. The K10 assesses how often
in the past 4 weeks respondents’ experienced ten non-
specific symptoms of psychological distress, such as feeling
“worthless”, “depressed” and “nervous”. Validation studies
have shown that K10 scores are associated with symptoms
of mental disorders, the associated disability and mental
health care usage, and can be used to indicate the probabil-
ity that the individual meets diagnostic criteria for disorder
[11–13]. More than 85% of the Australian population with
the highest K10 scores meet DSM-IV criteria for a current
common mental disorder (i.e. any mood or anxiety dis-
order) or substance use disorder compared to approxi-
mately 5% of those with the lowest scores [11]. The
combined brevity and validity has given the K10 broad
appeal and it is now included in a number of prominent
Australian and international health surveys, including the
Australian Health Survey, the New Zealand Health Survey,
the Canadian Community Survey and large scale linkage
studies such as the 45 and Up Study.
While validation studies have demonstrated the utility
of brief assessment tools to identify a current disorder, it
is common to use single measures of distress as a proxy
for chronic mental health problems. For example, single
assessments of distress are used to predict health out-
comes over long follow-up periods, often years or even
decades after initial assessment (see for example: [6, 14,
15]). These studies imply that assessment of distress at a
single time point can be used to identify more chronic
problems because an isolated four-week period of
distress is itself unlikely to be of importance for future
health. However, given that depression and anxiety are
generally episodic disorders, with a natural course, aver-
age duration and anticipated recurrence rate, levels of
psychological distress may change considerably within
individuals over time. Yet, the extent to which a single
assessment of distress can be used to identify those who
experience symptoms over the longer term is not well
understood, despite its importance for understanding
how distress influences physical illness. If large propor-
tions of respondents are misclassified when using single
assessments to indicate longer-term distress, there is po-
tential for associations between distress and chronic
physical diseases to be considerably biased.
Existing longitudinal research examining within-person
change in broad symptoms of psychological distress mea-
sured with brief assessment tools is relatively uncommon
[16] and the findings that are available are somewhat in-
consistent. One study, using strict cut points to define cat-
egories of high compared to low distress, reported that of
the 8.6% of men living in Australia aged 15 years and over
who reported poor mental health at baseline, 61.5% were
not categorised as having poor mental health 1 year later
and for 92.4% their initial poor mental health had resolved
within 9 years, suggesting that most people do not experi-
ence high levels of distress for long periods of time (find-
ings were similar for women) [17]. In contrast, others
have reported levels of distress are generally stable over
time. One study found that within-person change in dis-
tress scores was small, with stability coefficients derived
from structural equation models as high as 0.8 over a 10
year period [18]. Another, describing average change in
depressive symptoms within a community-dwelling popu-
lation aged 45 years and over, reported that although de-
pressive symptoms increased slightly as people aged,
symptoms were relatively stable over at least 13 years [19].
The differences in these findings may, at least in part, re-
flect the different methodologies used. Using strict cut
points potentially overestimates variability in symptoms of
distress by missing a proportion of the population who fall
below cut points but who continue to experience symp-
toms. However, quantifying average change across the
population may underestimate variability by masking large
positive and negative changes within the same population,
as well as differences at opposing ends of the distress
scale. Given that the majority of the population reports no
or only low levels of symptoms of distress and that many
mental disorders are episodic, it may be the case that
lower levels of psychological distress are generally stable
but that there is more variability overtime in the experi-
ence of more severe symptoms.
The aims of this study were to use nationally repre-
sentative data to examine how a single assessment of
broad symptoms of psychological distress is related to
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measurement of distress over longer periods and to
quantify the misclassification arising from using a single
assessment to indicate chronic distress. We focus our
analyses on those with initially low and high (compared
to intermediate) levels of distress: the former is most
commonly used as the reference category in epidemio-
logical studies and the latter is associated with the
greatest elevation in risk of adverse outcomes.
Methods
Sample
This study used data from the Household, Income and
Labour Dynamics in Australia (HILDA) Survey, a na-
tionally representative household-based panel study,
with annual data collection since 2001 [20]. The sample
was selected using a multi-stage probability approach
that selected dwellings within Census Collection Dis-
tricts and households within dwellings; all adults aged
15 years and over within each household were invited to
participate. The sample is dynamic; loss occurs when
sample members die or are lost to follow-up, and new
sample members are added if they join a participating
household or when children in participating households
turn 15 years of age. The majority of the data are collected
with an interviewer-administered Person Questionnaire,
however some data relating to factors such as health status
and social attitudes are collected with the Self-Completion
Questionnaire (SCQ). The K10, assessed with the SCQ,
was first included in the Survey in wave 7 and has subse-
quently been included biennially. Given this, we used data
from waves 7, 9, 11, 13 and 15.
At baseline, 7682 households and 13,969 individuals
participated in the survey (a 66% household response
rate) [21]. Attrition in the HILDA Survey is comparable
to other surveys of a similar nature; approximately 90%
of participants are reinterviewed at each wave and 85–
90% of these participants return the SCQ [22]. Given
our focus on individual change in distress over time, we
used a balanced panel, limiting our analysis to those
who had a valid psychological distress score in waves 7,
9, 11, 13 and 15. Weights, described in detail below,
were applied to increase the generalisability of our find-
ings based on the balanced panel. Participants aged < 25
years at wave 7 were also excluded from the analysis.
Wave 7 was used as the baseline in this study, and waves
9, 11, 13 and 15 were used to capture a two-, four-, six-
and eight-year follow-up period, respectively.
Measures
Our primary measure was the K10 [10], a tool designed
to identify those living in the community with mental
disorder, including depression and anxiety, by measuring
broad symptoms of psychological distress. Scores on the
K10 range from 10 (indicating low levels of distress and
low probability of having a disorder) to 50 (severe levels
of distress and high probability of having a mental dis-
order). A range of different cut points are suggested for
the K10, and we categorised scores as: low (K10 scores:
10- < 12), mild (12- < 16), moderate (16- < 22) and high
(22–50) levels of psychological distress. We also mea-
sured age (categorised as: 25- < 45 years, 45- < 65 years
and ≥ 65 years) and sex (men and women) at wave 7.
Statistical approach
As K10 scores are regularly categorised in research and
clinical settings, our primary aim was to examine how a
single measure of psychological distress is related to
measures of distress over time, referred to statistically as
‘agreement’ in categories of distress [23]. To assess
agreement, we first described the proportions within
initial categories of distress who reported each category
of distress at the four follow-up periods. Agreement was
defined as being categorised as having the identical
category of distress and broader agreement (assessed for
low and high distress only) was defined as reporting the
same or adjacent category of distress. In order to gauge
agreement over the full follow-up period (rather than
wave to wave), we also estimated the proportion within
each initial category of distress who reported low, low or
mild, high, or high or moderate psychological distress
never, on 1 occasion or 2–4 (out of 4) occasions over
the eight-year period.
Second, we estimated change in continuous K10 scores
overall and separately according to baseline category of
distress. In order to account for ageing effects and re-
gression to the mean, we used a linear mixed model with
a random intercept. The outcome was change in K10
score between baseline and each subsequent wave
(representing two-, four-, six- and eight-year change)
and we included wave and baseline category of distress
in the model, in addition to age group at baseline and
sex. Age and sex differences in changes in K10 scores
over time were examined with stratified analyses, and by
adding interaction terms between baseline category of
distress and sex and age group, assessed separately with
Wald tests. We also tested a baseline category of distress
by wave interaction term into order to assess whether
changes over time varied in relation to categories of
distress.
In order to make inferences about measurement of
psychological distress over time in the general Australian
population, it was essential to take the complex survey
design into account. The HILDA Survey provides bal-
anced panel responding person weights which account
for non-response to the Person Questionnaire, but not
non-response to the SCQ. We therefore conducted a
logistic regression analysis to predict completion of the
SCQ at waves 7, 9, 11, 13 and 15, among the balanced
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responding person sample, using the same predictors
used to derive the longitudinal HILDA person level
weights [24]. The inverse of the predicted probabilities
of returning the SCQ at each wave were then multiplied
by the HILDA provided longitudinal responding person
weights to further adjust for SCQ non-response and pro-
duce accurate population estimates. Extreme inverse
predicted probabilities were truncated at the value that
was the median plus six times the interquartile range,
set a priori, as per previous research [25]. At this stage
in the analyses, we also investigated whether psycho-
logical distress at wave 7 predicted sample attrition, over
and above the factors used to derive weights. A test for
trend across K10 categories was performed by including
the K10 as an ordinal variable. 95% confidence intervals
were estimated using the Taylor Series Linearisation
method.
Supplementary analyses present change in K10 scores
and categories prior to the final assessment (in wave 15).
The HILDA Survey was approved by the University of
Melbourne Human Research Ethics Committee.
Results
In wave 7, there were 12,789 individual respondents
from 9464 households, 89% of whom completed the
SCQ. Of these, 10,351 respondents aged 25 years and
over at wave seven, 2756 (26.6%) were excluded because
they did not respond to all four follow-up waves and a
further 1456 (14.1%) were excluded because they did not
return the SCQ at every follow-up wave used in this
study. Among those remaining (n = 6139), 170 respon-
dents (2.8%) were excluded because they did not have a
valid K10 score at every wave, leaving a final analysis
sample of 5969 respondents. Overall, 26.3% of the sam-
ple was categorised as having low psychological distress
at baseline, 38.9% mild, 19.9% moderate and 14.9% high
levels of distress. The weighted characteristics of the
study population are presented in Table 1.
After accounting for factors used to derive weights,
compared to those with low distress, the odds of return-
ing the SCQ at every follow-up wave were 0.98 for mild
(95% CI: 0.82–1.17), 0.75 for moderate (95% CI:0.62–
0.91) and 0.71 for high (95% CI: 0.57–0.87) psychological
distress (test for linear trend: p < 0.001).
Agreement in categories of psychological distress
The proportions of adults within each baseline category
of distress with identical categories of psychological dis-
tress (i.e. the same category of psychological distress as
at baseline) 2 years following initial assessment was
66.0% for low distress, 54.5% for mild, 44.0% moderate
and 50.3% for high distress (Fig. 1). Agreement in low
and high distress increased when considering the pro-
portion in the adjacent category: 94.1% of those initially
categorised as having low distress had either low or mild
distress 2 years later and 81.4% of those who had high
levels of distress initially had moderate or high distress 2
years later. Just 5.8% of adults with initially low levels of
distress had moderate (4.8%) or high (1.0%) distress 2
years later. Reduction in levels of distress was more
common than this, but the overall proportions remained
relatively low: 18.6% of adults with high distress had im-
proved scores such that they had low (6.6%) or mild
(12.0%) levels of distress 2 years following initial assess-
ment. Agreement in categories of distress did not vary
materially when examined over longer follow-up periods.
The proportions with identical categories of distress 4
years following baseline assessment were 66.6, 51.2, 35.9
and 51.6% for low, mild, moderate and high distress re-
spectively (Fig. 1). The proportions were similar 8 years
after initial assessment: 62.5% for low, 49.5% for mild,
33.3% moderate and 52.2% high. Eight years following
the initial assessment, 89.8% of those with low initial
levels of distress continued to have low (62.5%) or mild
(27.3%) levels of distress and 79.0% of those with initially
high levels of distress had moderate (26.8%) or high
(52.2%) levels of distress. Eight years following initial as-
sessment, 7.7% of those with low distress initially were
categorised as having moderate distress and 2.5% were
categorised as having high distress. Similarly, of those
with high levels of distress initially, 4.0 and 17.0% had
improved scores and were categorised as having low or
mild distress, respectively.
Agreement in level of psychological distress was not
materially different when assessing retrospective change,
that is, change in categories of distress two-, four-, six-
and eight- years prior to the final assessment of distress
(wave 15) (Supplementary Tables 1 and 2).
Table 1 Characteristics of the study population at wave 7
(weighted % and 95 confidence interval)
Level of psychological distress Total
Low Mild Moderate High
Total 26 (25–28) 39 (37–41) 20 (18–22) 15 (13–17) 100
Sex
Men 53 (51–56) 48 (46–51) 46 (42–51) 45 (38–51) 49 (47–50)
Women 47 (44–49) 52 (50–54) 54 (49–58) 56 (49–62) 51 (50–53)
Age Group
25–34 19 (16–22) 23 (20–26) 25 (21–31) 27 (21–34) 23 (21–25)
35–44 21 (19–24) 25 (22–27) 25 (21–29) 26 (20–33) 24 (22–26)
45–54 20 (17–22) 22 (20–25) 24 (20–28) 22 (18–27) 22 (20–24)
55–64 21 (18–25) 17 (16–20) 15 (12–19) 16 (12–20) 18 (16–19)
65–75 14 (12–16) 9 (7–11) 8 (6–11) 6 (4–8) 10 (9–11)
75+ 5 (4–7) 4 (3–6) 3 (2–5) 3 (2–6) 4 (3–5)
Percentages are given as column percent with the exception of the total
sample, which is given as a row percent
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Over the full eight-year period, of those with initially
high distress, 77.3% had high distress on at least one
more follow-up occasion, including 60.3% who had high
distress on two or more occasions (Fig. 2). However,
around one-fifth (22.7%) of those with high distress ini-
tially did not have high distress at another point in the
follow-up period. The majority (84.8%) of those with ini-
tially high distress never had low distress during the
follow-up period. Similarly, the overwhelming majority
(94.9%) of adults with low initial levels of distress never
had high levels of distress. Of those who initially had
low levels of distress, more than three-quarters (76.0%)
had low levels of distress on most (2–4) follow-up occa-
sions and 9.3% never had low levels of distress again.
Change in continuous K10 scores
After adjustment for age group and sex, average two-
year change in K10 scores was − 0.2 points overall, and
1.1, 0.5, − 0.7 and − 4.9 points for those with low, mild,
moderate and high psychological distress, respectively
(Table 2). Although wave was a significant predictor in
the model (F[1, 389]=19.47, p < 0.001), average change in
K10 score for each initial category of distress was similar
as follow-up time increased: eight years after initial as-
sessment, K10 scores changed on average by 1.5, 0.8, −
0.4 and − 4.6 respectively for individuals with low, mild,
moderate and high psychological distress at baseline.
There was no evidence that change in K10 scores over
time varied by age group, F(15, 375) = 1.47, p = 0.115, or
sex, F(3, 387) = 1.17, p = 0.319 (age- and sex-stratified
analyses are provided in Supplementary Tables 3, 4, 5, 6
and 7). There was also little evidence of an interaction
between baseline category of distress and wave, F(9,
381) = 1.07, p = 0.388.
Discussion
Levels of psychological distress were broadly stable over
time in this nationally representative survey. Approxi-
mately 90% of people who initially had low levels of dis-
tress continued to report low or mild levels of distress
over 8 years and around 75% with initially high levels of
distress remained moderately or highly distressed. Fur-
thermore, around half of all adults had identical categor-
ies of distress every 2 years over the eight-year follow-up
period. Over the full eight-year follow-up, more than
75% of people with high distress initially were highly dis-
tressed on at least one more occasion, including more
than half (60.3%) who reported a pattern consistent with
chronically high symptoms of distress. Change in con-
tinuous scores was on average less than half a point at
Fig. 1 Proportion (and 95% confidence interval) within each initial category of distress with low, mild, moderate and high psychological distress
two-, four-, six- and eight-years following initial assessment. Notes: Percentages are given as column percent
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each follow-up period, but largest (almost five points)
for those with high levels of distress initially.
This is the first study to use a nationally representative
sample to examine the extent to which single measures
of distress can be used to indicate longer-term experi-
ence of distress. Our results are broadly consistent with
a number of previous studies reporting broad stability in
measures of distress over time. Using structural equation
models, one study reported that psychological distress
was relatively stable over an up to 10 year period, with
no discernible difference in the estimates using longer
compared to shorter follow-up periods [18]. Similarly, a
number of studies describing trajectories in depressive
symptoms have found that more than 80% of mid-and
older-age individuals in the general community report
stable depressive symptoms over a 10-year period, with
the majority of participants continuing to report no, low,
or only moderate depressive symptoms [26–28]. Previous
Fig. 2 Proportions with low, mild, moderate and high distress initially who report low, low or mild, high and moderate or high never, on 1
occasion or 2–4 occasions over the eight-year follow-up period, according to initial category of distress Notes: Percentages are given as
column percent
Table 2 Age-sex-adjusted K10 scores at baseline, and average change (and 95% confidence interval) in scores by initial category of
distress two-, four-, six- and eight-years following initial assessment, among the Australian population aged 25 years and over
Initial category of distress Total
Low Mild Moderate High
Average initial score 10.5 (10.5,10.5) 13.3 (13.2,13.4) 18.1 (17.9,18.3) 27.3 (26.7, 27.9) 15.6 (15.5, 15.7)
Two-year change 1.2 (1.1, 1.3) 0.5 (0.4, 0.7) −0.7 (− 0.9, − 0.5) −4.9 (− 5.4, − 4.4) − 0.2 (− 0.3, 0.1)
Four-year change 1.3 (1.2, 1.5) 0.7 (0.5, 0.8) −0.6 (− 0.8, − 0.3) − 4.7 (− 5.2, − 4.3) − 0.1 (− 0.2, 1.0)
Six-year change 1.3 (1.1, 1.4) 0.6 (0.4, 0.8) −0.6 (− 0.9, − 0.4) − 4.8 (− 5.3, − 4.3) − 0.1 (− 0.2, 0.4)
Eight-year change 1.5 (1.4, 1.7) 0.8 (0.7, 1.0) −0.4 (− 0.6, − 0.1) − 4.6 (− 5.1, − 4.1) 0.2 (0.0, 0.3)
Total change 1.3 (1.2, 1.4) 0.7 (0.5, 0.8) −0.6 (− 0.8, − 0.3) −4.7 (− 5.2, − 4.3) − 0.0 (− 0.1, 0.1)
Two-, four-, six- and eight-year change scores were estimated using linear mixed model with a random intercept, and are adjusted for age group, sex at baseline
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research has also demonstrated that depressive symptoms
are relatively stable in a number of subpopulations, in-
cluding women transitioning from pre-pregnancy to the
perinatal period [29], post-natal mothers [30], young
adults with type 1 diabetes [31] and mothers with children
with autism spectrum disorder [32]. Our study builds on
these findings by examining change in relation to initial
category of distress and providing estimates of the amount
of misclassification likely to be present in studies which
use a single assessment to indicate chronic symptoms of
psychological distress.
In this study it is not possible to ascertain the extent
to which the high degree of broad agreement in meas-
urement of high distress reflects chronic mental disor-
ders (e.g. dysthymia), a general propensity to experience
high psychological distress, multiple episodes of high
distress, or chronic external stressors. However, it is
likely that all four at least partly explain our findings
[33]. Stable, trait-based personality factors have been
shown to play a key role in determining levels of dis-
tress, accounting for between half and two-thirds of the
difference between individuals in levels of distress in
some studies, with the remainder attributed to external
factors [34–36]. While levels of psychological distress
are known to fluctuate in reaction to stressful life
events, many key stressful life event such as physical
illness, financial stressors or grief are likely to be ex-
perienced long term. Furthermore, coping strategies,
which can moderate the association between external
stressors and psychological distress, are also generally
stable over time [37].
Our findings indicate that, in addition to identifying
individuals with a high probability of a common mental
disorder at the time of screening, the K10 can be used to
identify those with long-term (i.e. up to at least 8-years)
vulnerability to common mental disorders. That is, while
the presence of a diagnosable mood and or anxiety
disorder is often episodic, the broader experience of
symptoms of distress is relatively consistent over time.
Thus, for the majority of individuals who participate in
cohort studies, single assessments of distress are likely to
provide a good indication of likely caseness or subsyn-
dromal symptoms experienced over longer follow-up
periods. Though there will be some fluctuation, the vast
majority of those with low distress will continue to re-
port low distress (resulting in a relatively stable reference
group) and most individuals with high distress will
experience it for more than a single short period. While
repeated measures are the gold standard to identify
those who experience reoccurring or chronic symptoms
of distress, they are also onerous for participants, expen-
sive and often impractical. Given broad agreement in
K10 scores over time, it is feasible to use single assess-
ments of distress as a proxy for the experience of
chronic distress in epidemiological research. We esti-
mate that approximately one-fifth of those with high dis-
tress will be incorrectly classified as having long-term
distress when using this method. Future studies which
use single assessments to indicate longer-term distress
can use the estimates presented in this study to conduct
bias analyses to quantify the direction and magnitude of
the bias resulting from distress misclassification [38].
However, given that average change in scores for those
with high psychological distress was less than five points
on average, it is likely that those who are incorrectly
classified continue to have relatively high levels of
distress, suggesting minimal impacts on estimates of
association.
Our finding that, for many people, levels of psycho-
logical distress are broadly stable over relatively long
follow-up periods helps to explain the associations be-
tween common mental disorders and outcomes, such as
chronic physical disease. While the reasons that poor
mental health is associated with physical illness remain
unclear, including the extent to which poor mental
health results in poor physical health or vice versa, mul-
tiple pathways have been proposed [39]. Regardless of
the underlying mechanisms, the strength of association
between common mental disorders and physical health
is likely to be related to the amount of time exposed to
symptoms of distress [40]. Given that we show that a
single assessment of distress is a reasonable proxy for
the experience of longer-term distress, the risk of poor
physical outcomes is likely to reflect, at least in part, that
the majority of those with high levels of distress experi-
ence symptoms for substantial periods of time.
Strengths and limitations
We used nationally representative data to describe
change in distress over multiple time points, spanning
an eight-year period. Rather than providing a summary
measure, we stratified our analyses in relation to initial
level of distress, which allowed a more detailed analysis
of change across categories of distress. Levels of distress
were assessed at two-year intervals, and given that most
common mental disorders are episodic, it is likely there
was change in distress during the time between assess-
ments and that we missed respondents who reported
high levels of distress outside the time window of report-
ing. Certain sociodemographic groups, particularly im-
migrants, are underrepresented in the HILDA Survey.
Weights, benchmarked to the Australian population,
have been used to correct for attrition in the Survey but
generalisations to the broader population should be
made with this in mind. Furthermore, K10 scores pre-
dicted attrition and non-response to the SCQ over the
study period, over and above the factors used to estimate
sample weights. This, combined with the survivor effects
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in the balanced panel sample, likely resulted in an
underestimate of true agreement in symptoms of distress
because we have underestimated the proportion of the
population who experience higher distress (and this
group reported less agreement in categories of distress
over time) as well as the proportion with consistently
high distress. Nonetheless, we demonstrated broad con-
tinuity in high psychological distress amongst those in
our sample.
Conclusion
Single assessments of psychological distress are regularly
used in a range of studies as indicators of chronic mental
health problems and used to predict outcomes over long
follow-up periods, years after initial assessment of dis-
tress. This study has demonstrated that while there is a
degree of change, the experience of symptoms of distress
is broadly stable, with the majority of individuals con-
tinuing to report the same or a similar level of distress
over an eight-year period. Given the broad agreement in
measures of distress over time, in the absence of
repeated measures, single assessments of distress can be
used as a proxy for chronic symptoms of distress and
bias analyses can be used to quantify the effect of
misclassification.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12874-020-00938-8.
Additional file 1: Supplementary Tables. Description of data:
Supplementary tables describing retrospective change in K10 scores in
relation to category of distress at the final assessment. Supplementary
tables describing K10 scores at baseline, and average change in scores by
initial category of distress two-, four-, six- and eight-years following initial
assessment stratified by age and sex.
Abbreviations
HILDA: Household, Income and Labour Dynamics in Australia;
IQR: Interquartile Range; K10: Kessler 10; SCQ: Self Completion Questionnaire
Acknowledgements
This paper uses unit record data from the Household, Income and Labour
Dynamics in Australia (HILDA) Survey. The HILDA Project was initiated and is
funded by the Australian Government Department of Social Services (DSS)
and is managed by the Melbourne Institute of Applied Economic and Social
Research (Melbourne Institute). The findings and views reported in this
paper, however, are those of the author and should not be attributed to
either DSS or the Melbourne Institute. This paper was presented as a poster
at the 2019 Society for Epidemiologic Research Annual Meeting. The abstract
can be found here: https://epiresearch.org/wp-content/uploads/2019/05/201
9-Abstract-Book.pdf.
Authors’ contributions
JW, PB, RK, and EB conceived the idea for the study. JW analysed the data
and drafted the manuscript. PB and GJ advised on the analysis. All authors
(JW, PB, GJ, LS, EB and RK) interpreted the data and read and reviewed the
manuscript.
Funding
The research was funded by the National Health and Medical Research
Council (NHMRC) of Australia (GNT1092674), in partnership with the National
Heart Foundation of Australia, NSW Agency for Clinical Innovation and
Consumers Health Forum of Australia. JW is supported by an Australian
Government Research Training Program Scholarship. EB is supported by the
NHMRC (1136128). PB was supported by ARC Future Fellowship
(FT130101444) and a University of Melbourne Faculty of Medicine, Dentistry
and Health Sciences Research Fellowship. Funding bodies did not provide
input into the design of this study, the interpretation of results or the write
up of the study.
Availability of data and materials
Information relating to access to the Household, Income and Labour Dynamics
in Australia (HILDA) Survey can be found here: https://melbourneinstitute.
unimelb.edu.au/hilda/for-data-users
Ethics approval and consent to participate
The HILDA Survey was approved by the University of Melbourne Human
Research Ethics Committee. Informed consent to participate in the HILDA
Survey was gained through the use of an information letter to all potential
respondents. This letter described the voluntary nature of participation in
The Survey and outlined that informed consent would be implied when
participants agreed to be interviewed.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1Research School of Population Health, Australian National University,
Building 62, Mills Rd, Acton, ACT 2601, Australia. 2The Sax Institute, Ultimo,
Australia. 3Melbourne Institute of Applied Economic and Social Research,
University of Melbourne, Melbourne, Australia.
Received: 17 July 2019 Accepted: 24 February 2020
References
1. Australian Institute for Health and Welfare. Australian Burden of Disease
Study: impact and causes of illness and death in Australia 2011. Canberra:
AIHW; 2016.
2. Slade T, Johnston A, Teesson M, Whiteford H, Burgess P, Pirkis J, et al.
The mental health of Australians 2. Canberra: Department of Health and
Ageing; 2009.
3. Welsh J, Korda RJ, Joshy G, Butterworth P, Brown A, Banks E. Psychological
distress and ischaemic heart disease: cause or consequence? Evidence from
a large prospective cohort study. J Epidemiol Community Health. 2017;
71(11):1084–9.
4. Batty GD, Russ TC, Stamatakis E, Kivimäki M. Psychological distress in relation
to site specific cancer mortality: pooling of unpublished data from 16
prospective cohort studies. BMJ. 2017;356:j108.
5. Kaup AR, Byers AL, Falvey C, et al. Trajectories of depressive symptoms in
older adults and risk of dementia. JAMA Psychiatry. 2016;73(5):525–31.
6. Russ TC, Stamatakis E, Hamer M, Starr JM, Kivimäki M, Batty GD. Association
between psychological distress and mortality: individual participant pooled
analysis of 10 prospective cohort studies. BMJ. 2012;345:e4933.
7. Jackson C. The general health questionnaire. Occup Med. 2007;57(1):79.
8. Radloff LS. The CES-D scale: a self-report depression scale for research in the
general population. Appl Psychol Meas. 1977;1(3):385–401.
9. Henry JD, Crawford JR. The short-form version of the depression anxiety
stress scales (DASS-21): construct validity and normative data in a large non-
clinical sample. Br J Clin Psychol. 2011;44(2):227–39.
10. Kessler R, Andrews G, Colpe L, Hiripi E, Mroczek D, Normand S, et al. Short
screening scales to monitor population prevalences and trends in non-
specific psychological distress. Psychol Med. 2002;32(06):959–76.
11. Andrews G, Slade T. Interpreting scores on the Kessler psychological distress
scale (K10). Aust N Z J Public Health. 2001;25(6):494–7.
Welsh et al. BMC Medical Research Methodology           (2020) 20:55 Page 8 of 9
12. Anderson TM, Sunderland M, Andrews G, Titov N, Dear BF, Sachdev PS. The
10-item Kessler psychological distress scale (K10) as a screening instrument
in older individuals. Am J Geriatr Psychiatry. 2013;21(7):596–606.
13. Vasiliadis H-M, Chudzinski V, Gontijo-Guerra S, Préville M. Screening
instruments for a population of older adults: the 10-item Kessler
psychological distress scale (K10) and the 7-item generalized anxiety
disorder scale (GAD-7). Psychiatry Res. 2015;228(1):89–94.
14. Barefoot JC, Schroll M. Symptoms of depression, acute myocardial
infarction, and Total mortality in a community sample. Circulation. 1996;
93(11):1976–80.
15. Ferketich AK, Schwartzbaum JA, Frid DJ, Moeschberger ML. Depression as
an antecedent to heart disease among women and men in the nhanes i
study. Arch Intern Med. 2000;160(9):1261–8.
16. Drapeau A, Marchand A, Beaulieu-Prévost D. Epidemiology of psychological
distress. In: Labate L, editor. Mental illnesses - understanding, prediction and
control; 2012.
17. Burkhauser R, Hahn M. Physical and mental health, 2001 to 2010. In: Wilkins
R, editor. Families, Incomes and Jobs, volume 8: A statistical report on
waves 1 to 10 of the Household, Income and Labour Dynamics in Australia
Survey. Melbourne: Melbourne Institute of Applied Economic and Social
Research and The University of Melbourne; 2013.
18. Wheaton B. The twain meet: distress, disorder and the continuing
conundrum of categories (comment on Horwitz). Health (N Y). 2007;11(3):
303–19.
19. Burns RA, Butterworth P, Luszcz M, Anstey KJ. Stability and change in level
of probable depression and depressive symptoms in a sample of middle
and older-aged adults. Int Psychogeriatr. 2012;25(2):303–9.
20. Wooden M, Watson N. The HILDA survey and its contribution to economic
and social research (so far)*. Econ Rec. 2007;83(261):208–31.
21. Watson N, Wooden M. The HILDA Survey: Progress and Future
Developments. Aust Econ Rev. 2010;43(3):326–36.
22. Watson N, Wooden M. The HILDA Survey: a case study in the design and
development of a successful household panel study. Longitud Life Course
Stud. 2012;3(3):369–81.
23. Kottner J, Streiner DL. The difference between reliability and agreement.
J Clin Epidemiol. 2011;64(6):701–2.
24. Watson N. Longitudinal and cross-sectional weighting methodology for the
HILDA Survey. HILDA Project Technical Paper Series No 2/12. Melbourne:
The University of Melbourne and The Melbourne Institute; 2012.
25. Izrael D, Battaglia MP, Frankel MR. Extreme survey weight adjustment as
a component of sample balancing (a.k.a. Raking) 2009 [Available from:
http://support.sas.com/resources/papers/proceedings09/247-2009.pdf.
26. Liang J, Xu X, Quiñones AR, Bennett JM, Ye W. Multiple trajectories of
depressive symptoms in middle and late life: racial/ethnic variations. Psychol
Aging. 2011;26(4):761–77.
27. Andreescu C, Chang C-CH, Mulsant BH, Ganguli M. Twelve-year depressive
symptom trajectories and their predictors in a community sample of older
adults. Int Psychogeriatr. 2008;20(2):221–36.
28. Kuchibhatla MN, Fillenbaum GG, Hybels CF, Blazer DG. Trajectory classes of
depressive symptoms in a community sample of older adults. Acta Psychiatr
Scand. 2011;125(6):492–501.
29. Patton GC, Romaniuk H, Spry E, Coffey C, Olsson C, Doyle LW, et al.
Prediction of perinatal depression from adolescence and before conception
(VIHCS): 20-year prospective cohort study. Lancet. 2015;386(9996):875–83.
30. Lee CT, Stroo M, Fuemmeler B, Malhotra R, Ostbye T. Trajectories of
depressive symptoms over 2 years postpartum among overweight or obese
women. Womens Health Issues. 2014;24(5):559–66.
31. Oris L, Luyckx K, Rassart J, Goethals E, Bijttebier P, Goubert L, et al. Change
and stability in depressive symptoms in young adults with type 1 diabetes.
Diabetes Res Clin Pract. 2016;111:93–6.
32. Carter AS, Martínez-Pedraza FL, Gray SAO. Stability and individual change in
depressive symptoms among mothers raising young children with ASD:
maternal and child correlates. J Clin Psychol. 2009;65(12):1270–80.
33. Kendler KS, Gardner CO. A longitudinal etiologic model for symptoms of
anxiety and depression in women. Psychol Med. 2011;41(10):2035–45.
34. Breslin FC, Hepburn CG, Ibrahim S, Cole D. Understanding stability and
change in psychological distress and sense of coherence: a four-year
prospective study1. J Appl Soc Psychol. 2006;36(1):1–21.
35. Davey A, Halverson JCF, Zonderman AB, Costa JPT. Change in depressive
symptoms in the Baltimore longitudinal study of aging. J Gerontol Ser B.
2004;59(6):P270–P7.
36. Ormel J, Schaufeli WB. Stability and change in psychological distress and
their relationship with self-esteem and locus of control: a dynamic
equilibrium model. J Pers Soc Psychol. 1991;60(2):288–99.
37. Nielsen MB, Knardahl S. Coping strategies: a prospective study of patterns,
stability, and relationships with psychological distress. Scand J Psychol. 2014;
55(2):142–50.
38. Lash TL, Fox MP, Fink AK. Applying quantitative bias analysis to
epidemiologic data. New York: Springer Science+Business Media; 2009.
39. Penninx BWJH. Depression and cardiovascular disease: epidemiological
evidence on their linking mechanisms. Neurosci Biobehav Rev. 2017;74(Part
B):277–86.
40. Fiedorowicz JG. Depression and cardiovascular disease: an update on how
course of illness may influence risk. Curr Psychiatry Rep. 2014;16(10):492.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Welsh et al. BMC Medical Research Methodology           (2020) 20:55 Page 9 of 9
